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Aims: To determine whether mucosal pain, evoked through a novel 
topical capsaicin model, has an effect on jaw movement and wheth-
er psychologic factors have an association with any pain-induced 
movement effects. Methods: Mandibular movement was recorded 
from 26 asymptomatic subjects during free opening and closing, 
resistant opening jaw movements, and free and standardized chew-
ing, at baseline and in test sessions while the subjects were wear-
ing a custom maxillary mouthguard coated with either capsaicin 
cream (pain group, 13 subjects) or placebo cream (control group, 
an additional 13 subjects). All subjects completed the Depression 
Anxiety Stress Scales (DASS) and the Pain Catastrophizing Scale 
(PCS). Statistical analyses were made with independent t tests and 
bivariate correlation analyses. Results: Capsaicin induced moderate 
pain in the pain group, but there were no significant differences be-
tween the two groups in the change of kinematic variables from 
baseline except for a significantly greater increase from baseline in 
the number of chewing cycles per second (chewing rate) for free 
(t = 2.74, P = .011) and standardized chewing (t = 2.10, P = .047) 
in the pain group compared with the control group. In the pain 
group, the DASS anxiety score was negatively correlated (r = –.70,  
P = .007), with the change of mean opening velocity from the base-
line to the test session in the free opening task, and the DASS de-
pression score was negatively correlated to the increase of chewing 
rate in the free chewing task from the baseline to the test session 
(r = –.56, P = .046). Conclusion: Capsaicin-induced mucosal pain 
resulted in a significant increase in chewing rate but had no effect on 
amplitude or velocity in opening/closing jaw movements and chew-
ing. Anxiety and depression scores correlated negatively with veloc-
ity in free opening jaw movement and chewing rate, respectively.  
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The precise relationship between pain and motor activity (ie, 
movement and muscle activity) is still controversial.1,2 The 
Pain Adaptation Model proposes that existing pain results 

in a reduction in the range and speed of movement so as to re-
duce further injury and promote healing.3 However, this model 
does not provide an adequate explanation of all pain-motor activity 
interactions.1,2,4 

Recently, two new models have been proposed.1,2 The Integrated 
Pain Adaptation Model (IPAM) suggests that the highly variable 
pain experience between individuals,5–7 as well as psychologic 
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variables, can influence muscle recruitment strate-
gies.1,8 Evidence has recently been provided for as-
sociations between some psychologic variables (ie, 
depression and stress)9 and the amplitude and/or 
velocity of chewing. Hodges and Tucker2 have pro-
posed another model that incorporates changes in 
recruitment patterns.

There is extensive trigeminal literature describ-
ing the association between pain and jaw motor 
activities during experimental muscle pain induced 
by algesic chemical injection into, most commonly, 
the masseter muscle.1,10–16 There is little informa-
tion as to whether other types of orofacial pain, 
such as mucosal or bone pain, have similar effects 
on jaw muscle activity and jaw movement as ob-
served with algesic chemical injections into the jaw 
muscles. However, there may be differences in the 
motor effects of deep muscle pain in comparison 
with mucosal pain. Previous studies17,18 have been 
consistent with earlier findings19 in the spinal sys-
tem that noxious algesic chemical stimulation of the 
tongue muscle or temporomandibular joint (TMJ) 
resulted in greater central sensitization than for al-
gesic chemical stimulation of facial skin. It has also 
been reported that patients with burning mouth 
syndrome, who therefore suffer intraoral mucosal 
pain, can also have a jaw dysfunction.20,21 

Mucosal pain is a symptom in a significant pro-
portion of the general population (approximately 
1%),22 and it is unclear whether mucosal pain has an 
effect on jaw movement in humans. Capsaicin, the 
pungent component of red peppers, was employed 
to evoke mucosal pain since it has been used in hu-
man experimental studies.23–25 Capsaicin applied to 
the oral mucosa is an appropriate model of clinical 
mucosal pain. When applied topically to the oral 
mucosa in healthy subjects, capsaicin causes moder-
ate pain24,25 consistent with the mean levels of pain 
(mean ± standard deviation [SD], 52 ± 36 mm) in 
patients with burning mouth syndrome.26 Capsaicin 
activates TRPV1 receptor channels on nociceptive 
afferents, which are implicated in clinical mucosal 
pain.27,28 In addition, capsaicin also evokes a burn-
ing sensation, increased blood flow, primary and 
secondary hyperalgesia, and an enhanced sensitiv-
ity to noxious and innocuous stimuli,29,30 manifesta-
tions commonly seen among patients with clinical 
mucosal pain.31,32

The motor effects proposed by the Pain Adapta-
tion Model are thought to be mediated via local 
brainstem interneuronal connections between no-
ciceptive afferents and jaw muscle motoneurones. 
Since the Pain Adaptation Model does not specify 
the origin of the nociceptive input to the trigeminal 
system, it is hypothesized that, as would be expected 

from the Pain Adaptation Model, capsaicin-evoked 
mucosal pain should result in a reduction in the am-
plitude and velocity of jaw movement during chew-
ing and simple opening/closing jaw movements. In 
addition, given recent evidence for an association 
between some psychologic variables and jaw move-
ments during chewing (see above), it is also hypothe-
sized that psychologic variables will demonstrate an 
association with pain-induced effects on movement. 
Therefore, the aims of this study were to determine 
whether mucosal pain, evoked through a novel topi-
cal capsaicin model, has an effect on jaw movement 
and if psychologic factors have an association with 
any pain-induced movement effects.

Materials and Methods

Twenty-six asymptomatic subjects were recruited 
for this study. The Research Diagnostic Criteria for 
Temporomandibular Disorders (RDC/TMD)33 were 
used to rule out signs and symptoms of TMD in 
all subjects. Furthermore, subjects were asked for 
any history of orofacial pain and were excluded as 
applicable. The subjects were age and sex matched 
into two groups—a pain study group (6 men, 7 
women; mean age ± SD, 29.5 ± 4.9 years) and a 
control group (6 men, 7 women; mean age ± SD, 
29.6 ± 3.4 years). Written informed consent was ob-
tained from all participants, as was ethics approval 
from the Human Research Ethics Committee of the 
Sydney West Area Health Service and the University 
of Sydney Human Research Ethics Committee. 

Mouthguard Preparation and Clutches 

During the first appointment, a gypsum dental cast 
was obtained from a maxillary alginate impres-
sion. A soft mouthguard (120 × 2.0 mm; Erkoflex, 
Erkodent) was constructed to cover the palate and 
buccal mucosa to almost the depth of the sulcus. 
To avoid interference with each subject’s jaw move-
ments during tasks (see below), the occlusal surface 
of the mouthguard was removed with a scalpel. A 
pair of custom metal clutches to support the target 
frame of a jaw-movement tracking system (see be-
low) was also constructed for each participant at 
this first appointment.

Psychologic Assessment Before Recording

On the day of the experimental recording, subjects 
first completed two questionnaires measuring their 
emotional state (Depression Anxiety Stress Scales 
[DASS-42])34 and cognitions related to pain (Pain 
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Catastrophizing Scale [PCS]).35 The DASS-42 is a 
set of three self-reported scales designed to measure 
the negative emotional states of depression, anxiety, 
and stress. Each DASS scale contains 14 items. All 
subjects rated each item from 0 (did not apply to 
me at all) to 3 (applied to me very much, or most of 
time). The total score for each of the three scales was 
calculated. The PCS is a 13-item self-report scale to 
indicate subjects’ thoughts and feelings toward pre-
vious experiences of pain. Subjects were asked to 
rate each item from 0 (not at all) to 4 (all the time). 
The scores were summed.

Jaw-Movement Recording

An optoelectronic jaw-tracking system (JAWS3D, 
Metropoly) recorded jaw movement (sampling rate, 
67 samples/s). This system consists of two major 
components: 

•	 A pair of target frames, with each frame holding 
three light-emitting diodes (LEDs) to act as track-
ing references.

•	 A camera setup, consisting of three charged-
coupled device cameras fixed on a rigid tubular 
frame with a quadrangular section, to record the 
movement of the LEDs.

On the experiment day, the custom-made metal 
clutches were temporarily attached to two or three 
maxillary and mandibular right anterior teeth. The 
target frames were then secured to the clutches. The 
frames were positioned at the side of face, paral-
lel to the Frankfort horizontal plane. The midincisal 
point (ie, the point between the incisal edges of the 
mandibular central incisors) was chosen as the ref-
erence point and displayed as a moving dot visible 
to the subject on a video screen. The location of 
this dot provided visual feedback for the subject in 
tracking a computer-controlled target, a linear bank 
of LEDs that illuminated in sequence.36 

Jaw Tasks

During the recording session, subjects were instruct-
ed to perform jaw tasks in the following sequence:
 
•	 Jaw postural position: Subjects were instructed to 

sit relaxed in a chair with their lips lightly touch-
ing without swallowing, talking, or tooth contact 
for 15 seconds.

•	 Free open and close vertical jaw movement (five 
trials): Subjects were instructed to move the po-
sition of the midincisal point dot on the screen 
to track a linear bank of target LEDs as closely 

and smoothly as possible. This set of target LEDs 
was positioned to the side of the trajectory of the 
midincisal point dot. The LEDs were illuminated 
in sequence by custom software.

•	 Resistant opening (five trials): Similar to free 
open and close vertical jaw movement but with 
the application of a force of 1 to 2 N from the 
subject’s thumb during the opening phase. A load-
and-force system (ELF 3.4, Teckscan) allowed the 
subject to monitor and control the magnitude of 
force applied. The rationale for performing this 
task was to provide a relatively standardized pas-
sive resistance for all subjects during the opening 
phase to provide another task for testing with the 
intraoral capsaicin-evoked pain.

•	 Free chewing (two trials, 15 seconds each): Natu-
ral chewing of gum on the right side.

•	 Standardized chewing (two trials, 15 seconds 
each): Chewing of gum on the right side while 
following the speed of illumination of a set of tar-
get LEDs that oscillated at 900 ms/chewing cycle. 
This standardized chewing sequence did not in-
volve the subject moving the jaw to track a target 
but simply moved the jaw to follow the oscilla-
tion timing of a set of LEDs.

All tasks were completed during two sessions: 
the baseline and test sessions. The baseline session 
involved wearing only the mouthguard. During the 
test session, the subject wore the mouthguard with 
either 1% capsaicin cream (active ingredients are 
capsicum oleoresin, cream base, and PCCA emol-
lient cream, purchased and mixed by the West 
Lindfield Pharmacy and Compounding Centre) 
(pain group) or placebo cream (PCCA emollient 
cream) (control group) on the inner buccal surface 
(mucogingival area). 

All subjects were aware that they would be as-
signed to either the pain or the control group but 
were not told to which group they had been as-
signed. Once the cream had been applied, though, 
subjects quickly became aware. 

Pain Induction and Assessment

For each subject in the pain group, intraoral mu-
cosal burning pain was induced by placement of the 
mouthguard with 1% capsaicin cream on its inner 
buccal surface. Subjects marked their pain level on 
an 11-point numerical rating scale (NRS), where 
0 was defined as “no pain at all” and 10 was “the 
worst pain imaginable” and their burning sensa-
tion level on another NRS scale (0 was “no burning 
sensation” and 10 was “worst burning sensation”). 
Subjects drew their pain areas on an outline picture 
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of the head, neck, and oral cavity and completed a 
McGill Pain Questionnaire (MPQ)37 to describe the 
quality of the pain.

Data Preparation

The ASCII files from the JAWS3D system were trans-
formed into a Packing List file (PKL file), a type of 
Micromass file supporting multiple MS/MS datasets 
(Tandem Mass Spectrometry) by a customized com-
puter program (Jaw Function Tool Kit, Faculty of 
Dentistry, University of Sydney). For each trial of 
free opening and closing jaw movement or resistant 
opening jaw movement (eg, see Fig 1), this software 
first identified an outgoing phase (along the superior-
inferior axis, from the midincisal point displaced 0.5 
mm from the jaw’s postural position to the point at 
which the midincisal point was at maximal displace-
ment) and a return phase (along the superior-inferior 
axis, from the point at which the midincisal point 

was at maximal displacement to the point at which 
the midincisal point was 0.5 mm from the postural 
position). The amplitude (mm) and velocity (mm/s) 
for the outgoing and return phases were calculated 
separately and averaged for each subject in each ses-
sion (ie, baseline and test) over all trials of free open-
ing and closing movement or resistant movement in 
that session. A similar analysis was carried out for 
free and standardized chewing movements in which 
the Jaw Function Tool Kit also identified the outgo-
ing and return phases for each chewing cycle (Fig 2). 
Individual cycle and mean values were then calculat-
ed for absolute amplitude and velocity for free and 
standardized chewing in each session. The chewing 
rate for each subject for free and standardized chew-
ing was also calculated by dividing the total number 
of chewing cycles in each trial by the corresponding 
time taken. A mean was then calculated for all trials 
for free or standardized chewing in that session. For 
each jaw task, the change score of the mean value 
of each kinematic variable between the baseline and 
test sessions was calculated for both the pain and 
control groups (Fig 3).

Data Analysis

Independent t tests were used to investigate signifi-
cant differences between the two change scores for 
each kinematic variable (Fig 3). The Levene test was 
used to assess homogeinity of variance of change 
scores between the two groups. Bivariate correlation 
analysis investigated the relationship between psy-
chologic variables and change scores of kinematic 
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Fig 1    Plot of midincisal point tracing along the superior-
inferior axis against time for a single opening/closing jaw 
movement. Vertical arrows define the beginning and end 
of each phase.

Fig 3    Data processing and analysis procedure. Baseline 
data were subtracted from the test data (ie, capsaicin/
placebo).

Fig 2    Plot of midincisal point tracing along the superior-
inferior axis against time for a single free chewing move-
ment in one subject. Vertical arrows define the maximum 
opening and closing of each cycle. 1, outgoing phase; 2, 
return phase.

Placebo—BaselineCapsaicin—Baseline

Change score 2Change score 1

Pain group Control group

Independent t test
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variables. P < .05 indicated statistical significance, 
and means and standard deviations (SDs) or stand-
ard errors (SEs) were calculated. The data were ana-
lyzed with SPSS 18.0 for Windows (IBM).

Results

DASS and PCS Scores, Pain Intensity, and 
Burning Sensation Intensity

There were no significant differences between the 
pain and control groups for the mean values of 
the PCS and DASS-42 scores (Table 1). The burn-
ing sensation intensity was strong (mean ± SD, 6.7 
± 1.6) and significantly greater than the moderate 
pain intensity (mean ± SD, 4.8 ± 1.5) for all pain 
subjects (P = .004). The NRS scores of pain intensity 
for each pain subject in all tasks during the test ses-
sion are shown in Table 2. All subjects in the pain 
group localized the pain areas exclusively to the 
buccal gingival and alveolar mucosa, and there was 
no report of referral of pain to other intraoral ar-
eas or the face, head, neck, or other areas. However, 
the burning sensation spread to other oral regions 
in seven subjects: the middle of the palate in two 
subjects, the upper lips in three subjects, the tip of 
the tongue in three subjects (only one subject noted 
a burning sensation at both the lip and tongue). The 
MPQ pain rating index scores for its four categories 
were 7.31 (sensory), 1 (affective), 1.78 (evaluative), 
and 1.69 (miscellaneous). The most frequent words 
chosen by the pain subjects for each MPQ descrip-
tor were “burning” (10 of 13) from the sensory 
word descriptors, “annoying” (6 of 13) from the 
evaluative descriptors, “punishing” (3 of 13) from 
the affective word descriptors, and “numb” (3 of 
13) and “nagging” (3 of 13) from the miscellaneous 

word descriptors. Other commonly chosen words 
included “throbbing,” “sharp,” and “cruel.”

Comparison of Changes of Mean Velocity and 
Amplitude of Jaw Movement from Baseline 
to Test Sessions Between Pain and Control 
Groups in All Tasks

For all tasks, there were no significant differences 
for the mean velocity and amplitude of jaw move-
ment between the pain and control groups at base-
line. There was significantly more variation in the 
changes from baseline of mean opening and closing 
amplitude during free opening in the pain group 
than in the control group (Levene test, Table 3). For 
all tasks, there were no significant (P > .05) differ-
ences in the changes of mean velocity and ampli-
tude of jaw movement from baseline to test sessions 
between the pain and control groups (t tests in 
Tables 4 and 5). 

Comparison of Chewing Rate Between the 
Pain and Control Groups

There were no significant (P > .05) differences be-
tween the control and pain groups for the chewing 
rate in either the free or standardized chew tasks 
at baseline. For the free chewing task, there was a 
significant difference (P = .011) between the two 
change scores from the baseline to the test session 
(increase of 0.12 cycles/s in the pain group and 0.01 
cycles/s in the control group, t test for equality of 
means; see Table 5). For the standardized chew task, 
there was a significant difference (P = .047) between 
the two change scores from the baseline to the test 
session (an increase of 0.05 cycles/s in the pain 
group and a decrease of 0.01 cycles/s in the control 
group, t test for equality of means; see Table 5). 

Table 1    Scores for PCS and DASS Assessment

Group n Mean (SD)

Levene test for  
equality of variances t test for Equality of Means

F Significance t df
Significance 
(two-tailed)

Mean 
difference SE 

PCS Pain
Control

13
13

8.15 (6.04)
12.62 (13.63)

5.30 .030 EV not 
assumed

–1.08 16.54 .296 –4.46 4.13

DASS 
depression

Pain
Control

13
13

1.08 (1.75)
1.77 (2.86)

1.50 .232 EV 
assumed

–0.74 24.00 .464 –0.69 0.93

DASS 
anxiety 

Pain
Control

13
13

1.46 (1.33)
2.31 (4.37)

4.30 .049 EV not 
assumed

–0.67 14.21 .515 –0.85 1.27

DASS 
stress

Pain
Control

13
13

3.15 (3.58)
3.54 (4.81)

1.45 .241 EV 
assumed

–0.23 24.00 .819 -0.38 1.66

PCS, Pain Catastrophizing Scale; DASS, Depression, Anxiety, and Stress Scales; EV, equal variances; df, degrees of freedom; SD, standard devia-
tion, SE, standard error.
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Table 2    NRS Score of Pain Intensity for All Pain Subjects in All Tasks During Test Session

Subjects Start

Free opening Resistant opening Free chewing Standardized chewing Peak 
painT1 T2 T3 T4 T5 Mean T1 T2 T3 T4 T5 Mean T1 T2 Mean T1 T2 Mean

1 5 7 6 6 6 6 6.2 5 5 5 5 5 5.0 5 5 5.0 5 4 4.5 7

2 5 5 6 6 6 5 5.6 5 4 4 4 4 4.2 4 5 4.5 4 4 4.0 6

3 4 4 4 4 4 4 4.0 4 4 4 4 4 4.0 3 3 3.0 2 2 2.0 4

4 4 4 4 4 4 4 4.0 4 4 4 4 4 4.0 4 4 4.0 4 4 4.0 4

5 3 3 3 3 3 3 3.0 3 4 3 2 2 2.8 2 3 2.5 3 3 3.0 4

6 4 4 4 4 4 4 4.0 4 5 4 4 4 4.2 5 4 4.5 4 4 4.0 5

7 4 5 5 5 4 4 4.6 4 4 4 4 4 4.0 3 3 3.0 3 3 3.0 5

8 4 4 4 4 4 4 4.0 4 4 4 4 4 4.0 3 3.0 — — — 4

9 3 3 1 1 1 1 1.4 1 1 1 1 1 1.0 1 1 1.0 1 1 1.0 3

10 2 2 3 3 3 3 2.8 3 3 3 4 3 3.2 3 3 3.0 3 3 3.0 4

11 3 5 5 4 1 3 3.6 4 4 4 4 4 4.0 7 7 7.0 7 7 7.0 8

12 3 3 2 2 2 2 2.2 2 2 2 2 2 2.0 5 5 5.0 5 5 5.0 5

13 3 3 3 3 3 3 3.0 3 3 3 3 3 3.0 2 2 2.0 2 2 2.0 3

Mean 3.6 3.7 3.5 3.7 3.5 4.8

SD 0.9 1.3 1.1 1.6 1.6 1.5

T, trial; NRS, numerical rating scale; SD, standard deviation. 

Table 3    Comparison of Changes of Jaw Movement Mean Velocity (mm/s) and Amplitude (mm) from Baseline to Test Session 
Between Pain and Control Groups in Free and Resistant Opening

Changes from baseline to test
Levene test for 

equality of variances t test for equality of means

Group n Mean (SD) F Significance t df
Significance  
(two-tailed)

Mean  
difference SE

Free opening

Velocity

Opening Pain
Control

13
13

0.05 (0.47)
–0.13 (0.36)

0.98 .331 EV 
assumed

1.12 24.00 .272 0.19 0.16

Closing Pain
Control

13
13

0.02 (0.54)
–0.15 (0.33)

3.82 .062 EV 
assumed

0.99 24.00 .334 0.17 0.18

Amplitude

Opening Pain
Control

13
13

–0.90 (3.11)
0.05 (1.58)

5.11 .033 EV not 
assumed

–0.97 17.79 .343 –0.94 0.97

Closing Pain
Control

13
13

–0.76 (3.49)
0.10 (1.62)

4.84 .038 EV not 
assumed

–0.81 16.91 .431 –0.86 1.07

Resistant opening

Velocity

Opening Pain
Control

13
13

–0.02 (0.53)
0.00 (0.57)

0.03 .868 EV 
assumed

–0.09 24.00 .931 –0.02 0.22

Closing Pain
Control

13
13

0.19 (0.54)
–0.10 (0.38)

1.42 .245 EV 
assumed

1.57 24.00 .130 0.29 0.18

Amplitude

Opening Pain
Control

13
13

–0.09 (1.89)
0.72 (2.46)

1.14 .297 EV 
assumed

–0.93 24.00 .360 –0.80 0.86

Closing Pain
Control

13
13

0.11 (1.70)
0.60 (2.54)

1.81 .191 EV 
assumed

–0.58 24.00 .566 –0.49 0.85

df, degrees of freedom; SD, standard deviation; EV, equal variances; SE, standard error.
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Table 2    NRS Score of Pain Intensity for All Pain Subjects in All Tasks During Test Session

Subjects Start

Free opening Resistant opening Free chewing Standardized chewing Peak 
painT1 T2 T3 T4 T5 Mean T1 T2 T3 T4 T5 Mean T1 T2 Mean T1 T2 Mean

1 5 7 6 6 6 6 6.2 5 5 5 5 5 5.0 5 5 5.0 5 4 4.5 7

2 5 5 6 6 6 5 5.6 5 4 4 4 4 4.2 4 5 4.5 4 4 4.0 6

3 4 4 4 4 4 4 4.0 4 4 4 4 4 4.0 3 3 3.0 2 2 2.0 4

4 4 4 4 4 4 4 4.0 4 4 4 4 4 4.0 4 4 4.0 4 4 4.0 4

5 3 3 3 3 3 3 3.0 3 4 3 2 2 2.8 2 3 2.5 3 3 3.0 4

6 4 4 4 4 4 4 4.0 4 5 4 4 4 4.2 5 4 4.5 4 4 4.0 5

7 4 5 5 5 4 4 4.6 4 4 4 4 4 4.0 3 3 3.0 3 3 3.0 5

8 4 4 4 4 4 4 4.0 4 4 4 4 4 4.0 3 3.0 — — — 4

9 3 3 1 1 1 1 1.4 1 1 1 1 1 1.0 1 1 1.0 1 1 1.0 3

10 2 2 3 3 3 3 2.8 3 3 3 4 3 3.2 3 3 3.0 3 3 3.0 4

11 3 5 5 4 1 3 3.6 4 4 4 4 4 4.0 7 7 7.0 7 7 7.0 8

12 3 3 2 2 2 2 2.2 2 2 2 2 2 2.0 5 5 5.0 5 5 5.0 5

13 3 3 3 3 3 3 3.0 3 3 3 3 3 3.0 2 2 2.0 2 2 2.0 3

Mean 3.6 3.7 3.5 3.7 3.5 4.8

SD 0.9 1.3 1.1 1.6 1.6 1.5

T, trial; NRS, numerical rating scale; SD, standard deviation. 

Table 4    Comparison of Changes of Jaw Movement Mean Velocity (mm/s) and Amplitude (mm) from Baseline to Test Session 
Between Pain and Control Groups in Free and Standardized Chewing

Changes from baseline to test
Levene test for 

equality of variances
t test for equality of 

means t test for equality of means

Group n Mean (SD) F Significance t df
Significance  
(two-tailed)

Mean  
difference SE

Free chewing

Velocity

Opening Pain
Control

13
13

8.59 (6.22)
5.96 (5.35)

.41 .528 EV 
assumed

1.16 24.00 .258 2.64 0.16

Closing Pain
Control

13
13

8.52 (8.29)
6.07 (6.76)

.98 .333 EV 
assumed

0.82 24.00 .419 2.44 0.18

Amplitude

Opening Pain
Control

13
13

1.69 (2.18)
2.50 (2.23)

.01 .941 EV 
assumed

–0.94 24.00 .357 –0.81 0.97

Closing Pain
Control

13
13

1.67 (2.20)
2.51 (2.19)

.03 .864 EV 
assumed

–0.98 24.00 .338 –0.84 1.07

Standardized chewing 

Velocity

Opening Pain
Control

12*
13

3.48 (9.21)
6.21 (4.30)

3.95 .059 EV 
assumed

–0.96 23.00 .345 –2.73 0.22

Closing Pain
Control

12*
13

4.61 (8.65)
6.06 (4.99)

3.79 .064 EV 
assumed

–0.52 23.00 .610 –1.45 0.18

Amplitude

Opening Pain
Control

12*
13

0.84 (3.55)
2.53 (2.10)

1.05 .317 EV 
assumed

–1.47 23.00 .155 –1.70 0.86

Closing Pain
Control

12*
13

0.83 (3.53)
2.64 (2.00)

1.33 .260 EV 
assumed

–1.60 23.00 .124 –1.82 0.85

df, degrees of freedom; SD, standard deviation; EV, equal variances; SE, standard error. 
*In one subject of the pain group, the lower clutch detached from the teeth before the standardized chew for this subject was complete.
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Correlations Between Psychologic Variables 
and Changes of Kinematic Variables Between 
the Baseline and Test Sessions

In the pain group, a higher DASS anxiety score was 
related (r = –.70, P = .007) to a smaller increasing 
change (or bigger decreasing change) of mean open-
ing velocity from baseline to the test session in the 
free opening task. In the control group, a higher 
DASS depression or DASS anxiety score was cor-
related with a smaller increasing change (or bigger 
decreasing change) of mean closing velocity from 
the baseline to test session in the free chewing task 
(DASS depression: r = –.56, P = .047; DASS anxiety: 
r = –.61, P = .026).

In the control group, the DASS stress score was 
positively correlated with the coefficient of varia-
tion for the mean opening (r =.71, P = .007) and 
closing velocity (r = .60, P = .030) in the baseline 
free chewing task. In the pain group, the DASS de-
pression score was negatively correlated with the in-
crease of chewing rate in the free chewing task from 
the baseline to the test session (r = –.56, P = .046). 

Discussion 

Main Findings

The main findings of the present study were that, 
compared with controls, experimental intraoral mu-
cosal burning pain induced by capsaicin did not have 
a significant effect on the amplitude or velocity of 
jaw movement during opening/closing movements 
and during chewing but did result in a significant in-
crease in the chewing rate during free and standard-
ized chewing. Subjects with this type of experimental 
pain could achieve the same goal-directed jaw tasks 
as pain-free subjects. Correlations were noted be-

tween DASS anxiety, depression, and stress scores 
and some kinematic measures of jaw movement dur-
ing chewing in the pain and control groups. 

Pain Features

The capsaicin-evoked pain was moderate and was 
localized to the upper alveolar mucosa and buccal 
gingival margin and was associated with a strong 
burning sensation. The pain intensity was compa-
rable to previous reports in humans of the intensity 
of experimental muscle pain evoked by hypertonic 
saline10–12 and experimental orofacial cutaneous 
pain evoked by hypertonic saline38 and experimen-
tal pain evoked by intra/perioral capsaicin.24,25 Pa-
tients with burning mouth syndrome can experience 
similar mean levels of mucosal pain, although their 
worst pain intensity can be higher.26

The most common words chosen for each MPQ 
descriptor (sensory: “burning”; evaluative: “annoy-
ing”; affective: “punishing”; and miscellaneous: 
“numb”) are similar to those words commonly cho-
sen in previous studies applying capsaicin to other 
oral mucosal areas39 and similar to the most frequent 
words chosen by patients with burning mouth syn-
drome pain.27 However, the words are different from 
the most common words chosen following experi-
mental orofacial cutaneous pain evoked by hyper-
tonic saline (ie, “sharp”and “hot”38). Although the 
MPQ pain rating index scores of this experimental 
mucosal pain are comparable to those obtained 
during some previous experimental or clinical deep 
muscular pain studies,10–12 the words chosen to 
describe capsaicin-induced mucosal pain are differ-
ent from those words chosen in previous hypertonic 
saline-induced experimental muscle pain studies. For 
example, “aching” and/or “cramping” were the most 
frequent sensory word descriptors following mas-
seter15,38,40 and tibialis anterior41 hypertonic saline 

Table 5    Comparison of Changes of Chewing Rate from Baseline to Test Session Between Pain and Control Group in Chewing 
Tasks

Changes from baseline to test
Levene test for  

equality of variances t test for equality of means t test for equality of means

Group n Mean (SD) F Significance t df
Significance 
(two-tailed)

Mean  
difference SE

Free chewing

Pain
Control

13
13

0.12 (0.07)
0.01 (0.13)

2.64 .118 EV assumed 2.74 24.00 .011 .11 .04

Standardized chewing

Pain
Control

12*
13

0.05 (0.09)
–0.01 (0.06)

1.90 .181 EV assumed 2.10 23.00 .047 .06 .03

df, degrees of freedom; SD, standard deviation; EV, equal variances; SE, standard error. 
*In pain group, because of saliva, one subject’s lower clutch detached from the teeth and could not be reattached. Therefore, standardized chew 
for this subject was not completed.
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injections, while “exhausting” and “fearful” were 
the most frequent affective word descriptors.15 

In contrast to masseter muscle pain evoked by 
hypertonic saline injections,10–12 pain evoked by 
capsaicin was not associated with any pain refer-
ral, and the pain was quite localized to the upper 
gingival areas. The spread of the burning sensation 
to the upper lip, palate, and tip of tongue in seven 
subjects was likely due to a direct physical spread of 
the capsaicin cream.

Findings in Relation to Models of Pain-Motor 
Interactions 

This is the first detailed description of the effects of 
mucosal burning pain on jaw movement. The find-
ings that the activation of upper buccal mucosal 
nociceptors had only mildly significant effects on 
chewing jaw movements and no significant effects 
on goal-directed opening/closing jaw movements 
contrast with the literature, which reports effects of 
noxious stimuli on movement in both the trigemi-
nal,1,42,43 and spinal systems.44 For example, reduc-
tions in the amplitude and velocity of movement, 
in comparison with pain-free controls, have been 
demonstrated in chronic low back pain patients4,45; 
TMD patients46,47; and experimental pain studies of 
gait,45,48 trunk movement,49 and mastication.3,13,50,51

The present findings that capsaicin-induced mu-
cosal pain did not result in a significant reduction in 
amplitude or velocity of jaw movement during free 
and standardized chewing are not consistent with the 
Pain Adaptation Model, which proposes decreases 
in jaw movement amplitude and velocity in pain.3 
However, these findings are consistent with previous 
data demonstrating that hypertonic saline–evoked 
masseter muscle pain did not have a significant ef-
fect on jaw movement amplitude and velocity during 
free and standardized chewing.15 The present findings 
suggest that these two different qualities of pain (mu-
cosal versus muscular) have the same lack of signifi-
cant effect on chewing amplitude and velocity. 

However, the absence of a significant effect of 
capsaicin-induced mucosal pain on amplitude and 
velocity of jaw movement during single opening/
closing movements is not consistent with previous 
studies demonstrating significant reductions in jaw-
opening amplitude during the same single opening/
closing movements during experimental masseter 
muscle pain15 and reductions in movement ampli-
tude and velocity in chronic musculoskeletal pain 
(eg, low back pain, fibromyalgia, and TMD).3,42,46,52,53 
Other studies have reported that topical capsaicin 
application to the tongue mucosa does not affect 
corticomotor pathways to the relaxed tongue mus-

culature,54 while noxious masseter or tongue muscle 
stimulation results in significant inhibitory effects 
on the primary motor cortex.55–60 Further, noxious 
algesic chemical stimulation of the tongue muscle 
or temporomandibular joint (TMJ) results in great-
er central sensitization than for algesic chemical 
stimulation of facial skin.17–19 Taken together, this 
suggests that noxious mucosal stimulation may not 
result in the same central sensitization effects along 
neuronal pathways, influencing jaw motoneurons as 
appears to occur with muscle pain.

It has been recently suggested in the IPAM that 
the features of the multidimensional pain experience 
may influence the effect of pain on motor activity.1 

Previous studies have demonstrated that experi-
mental masseter muscle pain results in significant 
reductions in jaw-opening amplitude during single 
opening/closing jaw movements.15 The present find-
ings of no significant effects of mucosal pain on the 
same jaw movements provide tentative support for 
this proposal of the IPAM that some features of the 
multidimensional pain experience may influence the 
effects of pain on motor activity.

As mentioned above, this is a novel exploratory 
study with no estimate of treatment effects available 
in the literature. A sample size of 26 divided into two 
groups was sufficient to achieve an 80% power to 
detect an effect of 1.145 for each variable compari-
son. In the present study, it was decided to individu-
ally study each variable and condition. However, to 
investigate all the variables together and to reduce 
type II errors (false negative findings), a larger num-
ber of subjects in a future study would be needed.

Correlation Between Psychologic Variables 
and Kinematic Parameters

There is emerging evidence for a role for psychologic 
factors in the interaction between pain and motor 
activity.1,5,61,62 Previous studies in the spinal62–65 and 
trigeminal9,66 systems provide evidence that depres-
sion, stress, catastrophizing, and/or fear avoidance 
correlate with objective measures of limb or jaw mo-
tor performance. Some associations were observed 
in the present study between depression, anxiety, or 
stress scores and chewing velocity, chewing rate, or 
variability in the pain or control groups. Further, the 
change of chewing rate between baseline and test of 
the mucosal pain subjects was significantly greater 
than that of the control subjects and may reflect 
motivational aspects—for example, a desire by the 
pain subjects to complete the task. Although these 
data are suggestive of possible associations between 
psychologic variables and movement features during 
mucosal nociceptive activation, the small sample size 
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and the acute nature of the pain in asymptomatic 
human subjects point to the need for further studies. 

Conclusions

This is the first study to investigate possible relation-
ships between experimental intraoral mucosal pain 
and amplitude and velocity of chewing and open-
ing/closing jaw movements in a highly controlled 
manner. The present study has developed a meth-
odology that allows testing of previous models of 
pain-motor interactions with another type of nocic-
eptive input—namely, noxious mucosal stimulation. 
In comparison with the control group, mucosal pain 
resulted in only a small but significant increase in 
the chewing rate. This increase was negatively cor-
related with DASS depression scores. The absence of 
a significant reduction in single opening/closing jaw 
movements in mucosal pain contrasts with previous 
experimental and clinical muscle pain studies. 
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